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{This is the first of a two-part article. The
second half will be publi hed in the Apri l
issue of the Journa l) .

Introduction

The earth materials are rocks , minerals, water, and the atmosphere.
Rocks are the essential constituents
of t h e e a r t h ' s
crust. Direct study
of the rocks is restricted to those
exposed on conL
inental surf a c e s
and those pew~tra ted in mines
and bore holes to
depths of four or
five miles. Minerals are the chemiRoy
cal compounds of
nature and the principal substances
of which rocks are composed.
Minerals and rocks are constantly
undergoing transformations from one
form to another. These transformations a r e the direct r esults of earth

processes. Water and active gases in
the atmosphere, such as oxygen and
carbon dioxide, play significant roles
in these transformations.
The earth processes, gradation, volcanism, and diastrophism, which produce the transformations of rock material account also for the formation
of the three major types or forms of
rocks.
GRADATION
Gradation includes all those processes which contribute to the removal of material from higher areas and
its deposition in lower areas. In short,
these processes tend to smooth out
(grade) the land areas. The following chart is an outline of the process
of gradation.
VOLCANISM
Another process which may be observed, at least in part, is volcanism.
Few of us have not seen news reels or
read vivid accounts of volcanic eruptions. These eruptions are one spec-
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tacular aspect of a larger process, including all aspects of the generation
of molten rock material (magma)
within the earth, the movement of
this magma toward and to the earth's
surface, and the consolidation of the
magma into solid rocks, igneous
rocks.
Volcanism consists of two aspects:
one on the earth's surface (extrusive); the other within the upper
part of the earth's crust (intrusive).
The more significant features of volcanism are outlined in the chart below.

ments are the broad regional uplifts and
subsidences.
Orogenic (mountain-making) movements
are somewhat more spectacular-both in
how they occur, and their results.

In almost any mountain range, an
observer may see layers of sedimentary rock steeply inclined or exposed
in large arches and troughs- In some
exposures, the layers are noticeably
offset along inclined fractures. Close
examination of some canyon walls or
road cuts will reveal extremely contorted layers- Detailed study is necessary to discover the real attitude of
the layers, but even casual observa-
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DIASTROPHISM

Most people like to feel that the
solid earth is stable. However, there
is much .e vidence that the solid crust
moves. At times, and in some areas,
the movements are sudden; whereas,
elsewhere, and at other times, the
movements are slow uplift or subsidence of broad areas. Such movement of the solid rock is called diastrophism. The following diagram outlines the processes and most common
results of diastrophism.
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tion indicates that they are disturbed.
These folded and broken layers of
sedimentary rock comprise the structure of the mountain range and give
evidence of the process by which
mountain ranges are formed.
LIFE

Earth materials are also transformed by living plants and animals. This
may be considered to be a fourth
earth process, but it is not so directly related to the formation of the major rock types. However, the remains
of once-living things compose, wholly
or in part, some sedimentary rocks,
such as coal and certain limestines.
Living things have undergone a
series of transformations resulting in
a succession of floras and faunas
which have inhabited the earth during the last half-billion years. Fossils,
the remains of these once-living
forms, provide a valuable key to the
( contin,u ed on page 62)
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interpretation of earth history.
Earth history: is a sequence of events.
The more significant events are the
various results of the three processes.
Gradation is represented by events of
erosion (removal of rock material) or
by the formation of sedimentary
rocks; volcanism by the formation of
igneous r ocks on or below the earth's
surface ; diastrophism by the deformation of rocks and perhaps by metamorphism . In a given area, there will
be found evidence for a sequence of
such events which would comprise
the geologic history of that area.

EARTH MATERIALS
The solid crust of the earth is composed of chemical elements in various
combinations. Of all the elements,
only eight are of significant abundance in the crust.
EIGHT MOST ABUNDANT ELEMENTS

..

quite large compared to that of silicon and most of the other abundant
elements. Even the largest atom is
too small to be seen, but it is possible
to measure its size. If we assume that
atoms are spheres and that they are
in contact with each other in solid
chemical compounds, it is possible to
calculate the size of each atom. The
radius of an atom is expressed in
0
.0
Angstrom units ( A ) . One A is one
ten-millionth of a millimeter (10· 7
mm) . The radius of the atoms of the
most abundant elements as they occur in the earth's crust are given
below.
Atom

0

Si
Al
F e+3
F e+2
Ca
Na
K
Mg

Radiua AO

1.32
0.39
0.57
0.67
0.83
1.06
0.98
1.33
0.78

Because oxygen is abundant and
its atoms so large, the earth's crust
may be thought of as a pile of oxygen
atoms with atoms of the other elements in the holes.
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94.24
0.51
0.44
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0. 27

98. 58

96.70

99 .9 3

MINERALS
With the possible exception of iron,
none of these eight elements occurs
in the free state. The earth's crust is
composed of chemical compounds.
These natural inorganic chemical
compounds are called minerals.
The most abundant minerals in the
earth's crust have a number of important characteristics.

This r epresents only the crust,
which comprises 0.4 percent of the
planet. The fourth column indicates
the percentage of each element
among the total number of atoms.
The last column shows the percentage of each element in the total volume of the crust. The crust has been
referred to as the "oxysphere"
(oxygen sphere) - by volume, it certainly is!
The percentages in the table above
suggest that the oxygen atom must be

1) Minerals are crystalline compounds;
that is, each mineral has a regular
geometrical arrangement of the
constituent atoms. This is called
crystalline structure.
If the mineral forms without interference, it may show crystal form.
Crystals are geometric solids bounded by smooth, fla.t faces.
2) Each mineral has characteristic physical properties, hardness, specific
gravity, cleavage, fracture, and
optical properties.
3) Each mineral has a chemical composition which may be expressed by
a formula. For many of the most
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abund ant minerals, there is at least
some varia tion in composition.
4) The most a bundant minerals are compounds rich in silicon and oxygen,
and containing on.e or more of the
other abunda nt elements.

More than fifty more or less distinct types of chemical compounds
are known among the more than 2,000
minerals discovered to date. Howe ver, the most abundant minerals represent only seven types of compounds- These are: silicates, carbonates, sulphates, halides, oxides, sulfides , and phosphates. Only the first
five are of significant occurence ii:.
the earth's crust, and silicates are
more abundant than all the others
combined.
Silicates: These are compounds
which have, as part of their crystalline structure, a unit consisting of one
silicon atom surrounded by four oxygen atoms. Each oxygen atom touches the other three, and all four touch
the silicon. These silicon oxygen
groups are called silica tetrahedra.
The tetrahedra may occur as individuals or in various types of groupings, such as: pairs; rings of 3, 4, or
6; single chains; double chains,
sheets ; and three-dimensional networks. Two adjacent tetrahedra are
held together by having one, and
only one, common oxygen atom- Each
tetrahedron may share oxygens with
four, three, two, one or no other tet-

rahedra. In each instance, atoms of
other elements occur between the
tetrahedra and bind them together.
The great variety of silicates is due
to two factors: (1) the various patterns in which the t etrahedra occur;
and, (2) the fact that atoms approximately the same size may substitute
for each other in a crystalline structure. In spite of all the possible and
real variation in the chemistry of
silicates, only a few are really abundant in the crust.
Ouartz: This is the most abundant
mineral in the crust. It consists of a
three-dimensional network of tetrahedra in which each silicon shares
each of its oxygens with another silicon. Thus the ratio of silicon atoms to
composition can be written Si0 2. This
is not only the most abundant but,
chemically, it is also the most simple
and constant silicate.
Feldspar: This is a group of silicates closely related in chemical composition and physical properties.
Chemically, there are two major
varieties of feldspar. The potassium
(with minor sodium) aluminum silicates, designated as potash feldspar ,
and the sodium-calcium aluminum
silicates or plagioclase feldspar. As a
group the feldspars are much more
abundant than quartz.
The crystalline structure of the
feldspars is also the three-dimension-

Si 0 4 TETRAHEDRON
(unexpanded)
Si 0 4 TETRAHEDRON
(expanded)

TWO Si 04 TETRAHEDRA
SHARING AN OXYGEN ATOM
(expanded)

FIG. 1. - The Si04 tetrahedron and the linkage of two tetrahedra by the sharing of
one oxygen. Only one oxygen may be shared by adjacent silicons. Courtesy,
Earth Science Curriculum Project.
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al network of silica tetrahedra- However, a considerable number of the
silicon atoms are replaced by aluminum atoms and the potassium, sodium, or calcium atoms occur in the
holes between the tetrahedra. The
chemical formula for potash feldspar
is written KAlSi 30 g. If considerable
sodium is present, it may be written
(KNa) A1Si 30 8 indicating that potassium is most abundant.
Remember that in the network
structure of quartz, the ratio of silicon to oxygen atoms is one to two.
In the feldspars, since aluminum substitutes for silicon, the ratio of Al Si atoms to O atoms is also one to
two. The plagioclase feldspaprs are
mixtures of two compounds: NsAlSi30g (sodium feldspar) and CaA1 2 Si ~Og (calcium feldspar). These are
capable of crystallizing together in
any proportion to form a homgeneous
solid. Note again that the ratio of
Al - Si to O is one to two. In the potash and soda feldspar, aluminum substitutes for one-fourth of the silicons;
and in the calcium, feldspar for onehalf of the silicons.
Micas: These represent another
type of silicate in which the tetrahedra are arranged in a continous sheetThe silica sheet is usually interlayered with other sheets composed of
aluminum, magnesium, or iron atoms
-each of which is surrounded by
six oxygens - the various arrangements of these layers being held
together by atoms of other elements,
such as potassium. This bonding of
the sheets is relatively weak and
permits an easy separation of the
sheets.
The two common micas are muscovite (white or colorless) and biotite
(black). Biotite alters to a brassy or
gold, and may be mistaken for gold.
The clay minerals, the abundant
constituent in mud, are also sheettype silicates with chemical and
physical properties similar to the
micas. However,the clay minerals
never occur in grains large enough
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to see without a microscope.
Atomic substitution is common
in the sheet silicates and the chemical formulas are complex.
Common Micas

Chemical Formula

Biotite, Kz (MgFe)6 (Si6Alz) Ozo (OH) 4
Muscovite, K 2 Al 4 (Si 6 Alz) 0 20 (OH) 4
Common Clay Minerals

Kaolinite - K Alz (SigAl) O 1 o (OH) 2
Illite(KCaMg )Alz (Si6A1z) Ozo (OH)4 nHzO
Montmorillonite - A I3 Mg Si 8 Ozo (OH) 4

In the sheets of silica tetrahedra,
the ratio of Si+ Al to O is two to five.
Chain silicates: In another common
of silicate, the tetrahedra are arranged in chains.These may be single or
double chains. The chain silicates
include two groups of distinct
minerals which are similar in
chemical composition and physical
properties. The single chain silicates
are best represented by augite; the
double chain by hornblende.
Augite - Ca(MgFeAl) (SiAl) zO6
HornblendeNaCa2 (MgFe)5 (SiAl)gOzz(OH)2

In single chains, the ratio Si + Al
is one to three; in double chains,
four to eleven.
Group silicates: In some silicates,
the tetrahedra occur in pairs or in
rings of three, four, or six. However,
no mineral with any of these arrangements is abundant in the crust.
Single tetrahedra: In some silicates,
the tetrahedra are not joined any
way to each other, but occur as
individuals. Examples of this type
of silicate are olivine and garnet.
Olivine Garnet -

(MgFe)2 SiO4
Ca 3 Alz (SiO4) 3

In these, the Si-0 ratio is one to four.
Summary
The silicates are the most abundant
minerals in the earth's crust. It is
estimated that they comprise more
than 95 percent of the outer ten
miles of the crust.
For general purposes, we may
recognize two major varieties- Those
silicates rich in silicon and aluminum.
and containing more or less potass-

65

FEUUARY, 1965

ium, sodium and calcium, but essentilly free of magnesium and iron.
These may be designated as sialic
silicates - rich in Si and Al. The
sialic silicates include quartz, feldspars, white mica, the clay minerals,
and others. These minerals are color_
less (white or notably light-colored)
and of lower specific gravity than
the other common silicates. The second group of silicates includes those
relatively poor in silicon and alumi-

num, but generally rich in iron and
magnesium. These are designated
as femag silicates- They are generally
dark in color (gray, green, or black)
and have higher specific gravity
than the sialic silicates"For special information on Earth
Science Institute in Iowa this summer, see page 68.
(This article will continue in the next issue
of the Journal with a discussion of rock
types, and the petrogenic cycle.)
LEGE.ND
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STRUCTURE AND COMPOSITION Of
TIIE COMMON SILICATE MINERALS
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The common rock forming silicate minerals can be
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Oliville5'
Mg2SiO.-Fe2Si04

Pyroxene,
MgSi03 (single chain)
Amphibole,
CMg,~7 CSi40ul 2COHl2
(double chain)

Mica,
KA1 2CAIS i30 10 JCOH J.,

Quartz. Si02
Feldspars
KAISi 30 a

Fe+M1 DECREASING

NaAISi309
CaA1;si 20 8

SIO, INCREASING

FIG. 2. - Relation of chemical composition to the arrangement of tetrahedra in some
common types of silicates. Courtesy, Earth Science Curriculum Project.

SIXTH ANNUAL EASTERN IOWA SCIENCE FAIR - April 10-11
The Sixth Annual Eastern Iowa Science Fair is scheduled to be
held April 10 and 11, 1965 on the campus of Coe College, Cedar
Rapids, Iowa. Paul Brower, Collins Radio Company, is Fair
Director.
Students are being encouraged to enter exhibits and scientific
papers in the bi ological or physical science field. In line with a
current trend, the papers section of the fair is receiving added
emphasis. A n advisory group headed by Dr. Dale Morgan (M.D.)
stands ready to help or to guide the students to sourc_es of scientific
information. As in previous years, major winners will be awarded
scholarships, trips to the National Science Fair, and cash prizes.
The 1964 Eastern Iowa Science Fair attracted 223 entries from 51
schools.
Additional information anti entry blanks mag be obtained b•
writing to tile Eastern Iowa Science Fair, Box 441, Cedar Rapids,
Iowa.
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